Objectives: to determine the association between the subjective rate of ageing and future health outcomes. Design: prospective cohort study (Whitehall II study). At the third phase of the study (1991)(1992)(1993), participants were asked at what age they think most people leave middle age. Participants were followed until the end of phase 5 (1997-2000), so that mean length of follow-up was 7 years. Setting: London based office staff in 20 civil service departments. Subjects: 5,262 male and 2,277 female civil servants aged 40-60. Measures: validated new cases of coronary heart disease and health function, measured by the SF-36 General Health Survey, at phase 5. Results: perceived age of leaving middle age increased with age, self-rated health and grade of employment, and was higher in women. Adjusting for age and sex, people who believed middle age ends (60 years, compared to 070 years, were at higher risk for coronary heart disease (HR=1.43, 95% CI=1.05-1.94), fatal coronary heart disease and non-fatal myocardial infarction (HR=1.52, 0.95-2.42), and poor physical (OR=1.29, 1.10-1.50) and mental (OR=1.25, 1.07-1.45) functioning during follow-up. Adjustment for self-rated health, employment grade, health behaviours, social networks, control and baseline health status, respectively, did not eliminate these associations. Conclusions: the reported age at which middle age ends predicts future health outcomes. We hypothesise that perceived end of middle age acts as a general summary of the subjective rate of ageing.
Introduction
The ages of man, as any Shakespeare buff can tell you, are seven. He grows from a mewling, puking infant, into a whining schoolboy and then moves on to loving, soldiering, and justicing, ending up a lean and slippered pantaloon and finally in second childishness. Modern commentators have confirmed that people can separate periods of chronological age into life phases [1] , and the way in which this is done depends on personal characteristics, for instance, people who are older, female or of higher socio-economic status (SES) believe old age starts later [2, 3] . We hypothesise that the way people estimate the onset of old age acts as a general summary of the perceived rate of ageing and so reflects expected longevity.
There have been no studies, to our knowledge, looking specifically at the relationship between perceived age of leaving middle age and future health outcomes. We can, however, draw analogy with self-rated health, which predicts future morbidity and mortality [4] [5] [6] and current health behaviours [7] . To make this analogy we are assuming that perceived age of leaving middle age and self-rated health are markers of the same underlying construct. In fact, Idler and Kasl have argued that since prediction of future mortality by self-rated health is so powerful: 'Instead of indicators of present health status, perhaps these self-evaluations [of health status] ought to be considered remarkably accurate estimates of future longevity' [8] . Hence, personal appraisals of the age at which middle age ends may depend on expected longevity and so could predict future health outcomes.
To test this hypothesis we examined the relationship between perceived age of leaving middle age, measured in the third phase of the Whitehall II study and incident coronary heart disease (CHD), and functional ability during 7 years of follow-up. We took into account the possibility that current health status could affect judgments as to when middle age ends.
Methods

Study population
The Whitehall II study, a cohort of 10,308 civil servants aged 35-55 working in the London offices, was established between 1985 and 1988 [9] . After the initial questionnaire and screening examination for cardiovascular disease (phase 1), postal questionnaires were carried out in 1989 (phase 2) and 1995-1996 (phase 4) and screening examinations in 1991-1993 (phase 3) and 1997-2000 (phase 5). For the present analyses phase 3 was considered the baseline, so that 5,735 men and 2,579 women were included and their mean age was 50. After excluding subjects with missing values for key variables (34 men and 26 women) and those with prevalent heart disease at phase 3 (439 men and 276 women) 5,262 men and 2,277 women remained. The mean length of follow-up up until the end of phase 5 was 7 years.
Perceived age leaving middle age and self-reported health At phase 3 participants were asked 'At what age do you think most people leave middle age?'. Possible answers ranged from 10 to 99 years. To estimate self-rated health the participants were asked 'In general, would you say your health is: excellent, very good, good, fair, poor?'.
Coronary events and health functioning
Fatal CHD cases were deaths that were flagged at the National Health Service Central with an ICD-9 code 410-414 for the underlying cause [10] . Non-fatal myocardial infarction (MI) and angina events were ascertained at the study phases by questionnaire, and through study electrocardiograms at the screening phases, and details of physician diagnoses and investigation results were sought from clinical records for all potential cases [11, 12] . Classification of MI and angina was carried out independently by two trained coders, with adjudication by a third in the (rare) event of disagreement. There were 272 incident CHD events (excluding Rose angina since it was not physician diagnosed), 128 of which were fatal CHD or non-fatal MI.
Health-related quality of life or functioning was assessed at phase 5 by the UK standard version of the Short-Form 36 Health Survey (SF-36) [13] . Subjects who responded to half of the items or more in a scale were assigned an average score based on the items they did respond to. We have concentrated on the two conceptually distinct functioning domains, the physical component and the mental component, where the lowest quartile indicates poor functioning.
Confounders and mediators
Potential confounders were measured in the phase 3 questionnaire. Employment grade within the civil service, assessed at 12 non-industrial grades based on salary, was used as an indicator of SES. A number of psychosocial factors were also measured [14] , since the association between age leaving middle age and health outcomes may be confounded by markers of control or social support, or these psychosocial factors may be mediators of the association. Control questions that were included were job control (decision latitude) and control at home, gauged by the question 'At home, I feel I have control over what happens in most situations'. In addition, locus of control was measured using 5 questions ('Keeping healthy depends on things that I can do'. 'There are certain things I can do for myself to reduce the risk of a heart attack'. 'There are certain things I can do for myself to reduce the risk of getting cancer'. 'I feel that what happens in my life is often determined by factors beyond my control'. 'I have a sense of direction and purpose in my life'). Social support measures included social support at work, marital status and number of friends and relatives seen monthly.
Coronary risk factors included: cigarette smoking, exercise, body mass index (BMI) and alcohol consumption. A healthy eating score was constructed based on frequency of fruit and vegetables intake, and type of bread and milk habitually consumed. Baseline diseases included: diabetes (self report or oral glucose tolerance test), minor psychiatric disorder (GHQ05), self-reported respiratory disease, cholesterol (mmol/l), hypertension (diastolic blood pressure 095 mm Hg or systolic blood pressure 0160 mm Hg), and self-reported long-term illness.
Statistical analysis
Age-adjusted linear regression analyses were performed with age leaving middle age as the dependent variable and each of the potential confounders, in turn, as the independent variable, stratified by gender. The mean age of leaving middle age was calculated for each category of the potential confounder using the method of least squares.
Cox proportional hazards regression analyses were conducted to determine whether reported age leaving Age leaving middle age and future health middle age at phase 3 ((60 years, 61-69 years, 070 years) predicted age and sex-adjusted incident CHD during follow-up. Age and sex-adjusted logistic regression analyses were used to relate reported age leaving middle age to future health functioning at phase 5. The models were successively adjusted for the potential confounders, and if an association between age leaving middle age and health outcomes persisted after controlling for these variables, it could be argued that a direct effect, independent of confounding or mediation by these variables, was detected. The models were then stratified by gender and age group, in turn, to identify potential effect modification. Tests for trends were performed by modelling the group scores of age leaving middle age (1, 2, 3) as one variable.
Results
Mean age leaving middle age was 63.3 years in men (SD 5.9) and significantly higher (P-0.0001) at 64.6 years in women (SD 6.5). Although the range of values for age leaving middle age was 40-90 in women, and 20-99 in men, 80% of respondents gave answers of 60, 65 or 70. Perceived age leaving middle age increased significantly with age; the oldest group reported middle age ends approximately 3 years later than the youngest group (Table 1) . Furthermore, people with excellent self-rated health reported middle age to end 2 years later than people with poor or fair self-rated health, and those with higher SES also believed that middle age ends later. The effect of health behaviours on perceived age at which middle age ends was less consistent: people who exercised and had healthier diets believed that middle age ends later, but so did heavy smokers. Alcohol drinkers also reported a later end to middle age. People with higher perceived control reported that middle age ends later, but social network variables had little effect.
Age leaving middle age, whether measured as middle age ending (60 years or trends across categories, was associated with CHD events (Table 2) . Participants who believed that middle age ends (60 years had significantly elevated risk of all CHD (HR=1.43, 95% CI=1.05-1.94), and increased risk for fatal CHD/non-fatal MI (HR=1.52, 0.95-2.42) compared to people who believe middle age ends 070 years. Adjustment for potential confounders and mediators had little effect on the association with all CHD, but adjustment for control variables reduced the association for fatal CHD/ non-fatal MI slightly.
People who estimated that middle age ends (60 had significantly elevated risks for poor health functioning compared to people who estimate middle age ends 070 years and this relationship was of a similar order of magnitude for the both scales (Table 3 ). This relationship was substantially reduced after adjustment for self-rated health or control variables. Furthermore, the associations were attenuated somewhat by adjustment for measures of social network, although the effects, whether of middle age ending (60 years or trend across middle age categories, remained statistically significant. After adjustment for SES, health behaviours, or baseline health status, the associations were largely unchanged.
Stratification of the analyses by gender or age at baseline did not reveal any clear pattern that would point to effect modification (data not shown).
Discussion
People who believed that middle age ends (60 years were more likely to experience CHD and poor health functioning during follow-up than those who believe it ends later, and this association could not be fully explained by any of the potential mediators or confounders. Furthermore, age leaving middle age was associated cross-sectionally with socio-demographic characteristics; women and those in higher employment grades perceived middle age as ending later. We propose that age leaving middle age acts as a general summary of perceived rate of ageing, and thereby predicts future health outcomes.
No other investigators, to our knowledge, have assessed the relationship between age leaving middle age and future health, although the association between self-rated health and health outcomes has been evaluated [4] [5] [6] . In an extensive review of 27 studies, self-rated health was shown to predict mortality in all but four studies, despite careful control for physical health status at baseline, with odds ratios generally in the range of 1.5-3.0 for the extreme risk categories [4] . Clearly selfrated health was the most powerful confounder of the association between age leaving middle age and health outcomes; hence these variables may work along similar pathways and/or be measures of the same construct. However, since a significant association between age leaving middle age and health outcomes persisted after adjustment for self-rated health, an independent effect potentially exists, and so self-rated health and age leaving middle age may include elements that are conceptually different, possibly because age leaving middle age was estimated with respect to 'most people' whereas selfrated health depends fundamentally on self-perceptions.
There are a number of possible pathways between perceived age of leaving middle age and health outcomes. The association could be the result of residual confounding. Self-rated health, and so potentially perceived age of leaving middle age, captures subtle symptoms of disease and undiagnosed disease; hence the association could be the result of incomplete control for baseline health status. Moreover, people with unhealthy lifestyles may feel older and report a younger age for the onset of old age. In the present study residual confounding can play only a minor role, since people with baseline prevalent CHD were excluded and although there was attenuation of the associations after H. Kuper, M. Marmot adjustment for baseline lifestyle and health status, the impact was small. Furthermore, the association with smoking was not in the hypothesised direction.
Negative affectivity, that is when a respondent exaggerates both negative symptoms and negative perceived health, could produce a spurious association Age leaving middle age and future health H. Kuper, M. Marmotbetween the exposure and outcome. It would be difficult to defend this argument when the outcome events are confirmed cases of morbidity, such as the validated CHD events used here, but health functioning was based on self-report. However, the association persisted net of GHQ, and since GHQ and negative affect are highly correlated in this population (Pearson's correlation= 0.54, P-0.001), adjustment for GHQ represents control for negative affectivity.
The relationship between reported age leaving middle age and future health outcomes might be real and causal. People who think they have but a few years left to live may delay help-seeking behaviour or adopt an unhealthy lifestyle, creating a self-fulfilling prophecy. Furthermore, external resources (social support and contacts) may mediate the association. In support of this, SES, social networks, and, especially, perceived life control did appear to mediate the association between perceived onset of old age and future health outcomes. Perceived rate of ageing could also have a direct biological effect on future health, potentially through its effect on neuroendocrine, cell-mediated immunity and/or physiological functioning [15] . We were unable to test for a direct biological effect in this study due to the lack of information on psychobiologic markers, and experimental evidence is required to substantiate our hypothesised link between the subjective rate of ageing and health status.
There were a number of limitations of this study. Perceived age leaving middle age was only measured using a single item, and so there may have been nondifferential misclassification of this measure which would bias associations towards the null. It could be argued that since the Whitehall II cohort is organisationally specific the findings cannot be generalised to other populations. However, the study participants came from a range of social classes and the other findings from the Whitehall II study in relation to the effects of psychosocial factors were closely in line with findings from other similar studies, and so this concern is assuaged [16] .
In conclusion, perceived age of leaving middle age predicted future health outcomes, independent of baseline health status, health behaviours and SES. We hypothesise that perceived end of middle age acts as a general summary of subjective rate of ageing.
Key points
. Perceived age of leaving middle age is crosssectionally related to personal characteristics. . People who believe middle age ends (60 years are at higher risk of future coronary heart disease and poor health functioning compared to people who believe middle age ends later. . This association cannot be entirely explained by the effects of self-rated health, socio-economic status, health behaviours, or baseline health status.
